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5 Pin Configuration and Functions

RPS Package
2.2-mm x 2.5-mm, 12-Pin VQFN
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Pin Functions

PIN

NAME

NO.

1/0

DESCRIPTION

BIAS

BIAS supply voltage. This pin enables the use of low-input voltage, low-output (LILO) voltage conditions
(that is, Viy = 1.2 V, Vout = 1 V) to reduce power dissipation across the die. The use of a BIAS voltage
improves dc and ac performance for Vy < 2.2 V. A 10-uF capacitor or larger must be connected between
this pin and ground. If not used, this pin must be left floating or tied to ground.

EN

Enable pin. Driving this pin to logic high enables the device; driving this pin to logic low disables the
device. If enable functionality is not required, this pin must be connected to IN or BIAS.

FB

Feedback pin connected to the error amplifier. Although not required, a 10-nF feed-forward capacitor from
FB to OUT (as close to the device as possible) is recommended to maximize ac performance. The use of
a feed-forward capacitor can disrupt PG (power good) functionality.

GND

6,7,12

Ground pin. These pins must be connected to ground, the thermal pad, and each other with a low-
impedance connection.

1,2

Input supply voltage pin. A 10-pF or larger ceramic capacitor (5 pF or greater of capacitance) from IN to
ground is recommended to reduce the impedance of the input supply. Place the input capacitor as close
to the input as possible.

NR/SS

Noise-reduction and soft-start pin. Connecting an external capacitor between this pin and ground reduces
reference voltage noise and also enables the soft-start function. Although not required, a 10-nF or larger
capacitor is recommended to be connected from NR/SS to GND (as close to the pin as possible) to
maximize ac performance.

ouT

10, 11

Regulated output pin. A 47-uF or larger ceramic capacitor (25 pF or greater of capacitance) from OUT to
ground is required for stability and must be placed as close to the output as possible. Minimize the
impedance from the OUT pin to the load.

PG

Active-high, power-good pin. An open-drain output indicates when the output voltage reaches Vr(pg) of
the target. The use of a feed-forward capacitor can disrupt PG (power good) functionality.

Copyright © 2019-2020, Texas Instruments Incorporated
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6 Specifications
6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)®
MIN MAX UNIT
IN, BIAS, PG, EN -0.3 7.0
Voltage SNS, OUT -0.3 Vg +0.3@ \Y
NR/SS, FB -0.3 3.6
ouT Internally limited A
Current - - -
PG (sink current into device) 5 mA
operating junction, T, -55 150
Temperature °C
storage, Tgg -55 150

(1) Stresses beyond those listed under Absolute Maximum Rating may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Condition. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) The absolute maximum rating is V,y + 0.3 V or 7.0 V, whichever is smaller.

6.2 ESD Ratings

VALUE UNIT

Human body model (HBM), per

i di ANSI/ESDA/JEDEC JS-001, all pins® +2000
V(EsD) Electrostatic discharge : Vv
Charged device model (CDM), per JEDEC +500

specification JESD22-C101, all pins®

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

6.3 Recommended Operating Conditions
over operating junction temperature range (unless otherwise noted)

MIN NOM MAX UNIT
VN Input supply voltage range 11 6.5 \Y
Vgias Bias supply voltage range 3.0 6.5 \Y
Vout Output voltage range® 0.8 5.15 \Y
VeN Enable voltage range 0 6.5 \Y
lout Output current 0 4 A
Cin Input capacitor 22 a7 3000 pF
Cout Output capacitor 22 47 3000 uF
Rpg Power-good pullup resistance 1 100 kQ
CnNRiss NR/SS capacitor 10 nF
Cer Feed-forward capacitor 10 nF
Ry Top resistor value in feedback network for adjustable operation 12.1 kQ
Ry Bottom resistor value in feedback network for adjustable operation 160@ kQ
T, Operating junction temperature -40 125 °C

(1) This output voltage range does not include device accuracy or accuracy of the feedback resistors.
(2) The upper limit for the R, resistor is to ensure accuracy by making the current through the feedback network much larger than the
leakage current into the feedback node.

4 Copyright © 2019-2020, Texas Instruments Incorporated
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6.4 Thermal Information

TPS7A54
THERMAL METRIC® RPS (VQFN)®@ RPS (VQFN)® UNIT
12 PINS 12 PINS
Rgia Junction-to-ambient thermal resistance 68.7 46.5 °C/W
Rojctop) Junction-to-case (top) thermal resistance 43.8 43.8 °C/W
Rgis Junction-to-board thermal resistance 19.3 N/A °C/W
Wit Junction-to-top characterization parameter 1.3 4.5 °C/W
Yig Junction-to-board characterization parameter 18.9 22 °C/W
Rosc (ot Junction-to-case (bottom) thermal resistance 4.2 114 °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

report.

(2) JEDEC standard. (2s2p, no vias to internal planes and bottom layer)

(3) EVM model.

6.5 Electrical Characteristics

over operating junction temperature range (T, = —40°C to +125°C), V\y = 1.4 V or V|y = Vourom) + 0.5 V (whichever is
greater), Vgias = 0pen, Vourgmom) = 0.8 V), OUT connected to 50 Q to GND, Vey = 1.1V, Cy = 10 UF Coyr = 47 UF, Cygyss =
0 nF Cg = 0 nF, and PG pin pulled up to V,y with 100 kQ, unless otherwise noted; typical values are at T; = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Veg Feedback voltage 0.8 \%
VNRiss NR/SS pin voltage 0.8 \%
Rising input supply . . _
VUuvLo+(N) UVLO with BIAS V) rising with Vgjas =3V 1.02 1.085 \%
Falling input supply . . _
VUVLO-(IN) UVLO with BIAS ViN falllng with Vgias = 3V 0.55 0.7 \%
Rising input supply -
VuvLos(n) UVLO without BIAS Vin rising 131 139 v
Falling input supply .
VUVLO-(IN) UVLO without BIAS ViN falllng 0.65 1.057 \%
Rising bias suppl .
Vovor®as) | o PRl Vgias fising, Viy = 1.1V 2.83 29| Vv
Falling bias suppl .
VUVLO-(BIAS) UVL()g pply VBias faIIlng, V=11V 2.45 2.54 \%
QOutput voltage range 0.8 5.1 \%
14V<sVys65YV,
0.8V<sVgoyrs5.1V, -0.75 0.75
Vour Output voltage S5mA<ioyr<4A %
accuracy Viy =11V, 0
5mASIoyrS4A, -0.5 0.5
3vs VBIAS <65V
DVout/AViN Line regulation louT=5mMA, 14V<Vy<65V 0.03 mV/V
S5mAsipoyTs4A, 0.07
DVour/AV)y | Load regulation 3V<sVpas<65V, V=11V ] mV/A
5mAs<Ioyr<4A 0.012
Error amplifier offset Vin = 1.4V, loyt = SmMA; )
Vos voltage -40°C < Ty < +125°C 25 25| mv

(1) Vour(nom) is the calculated Voyr target value from the ANY-OUT in a fixed configuration. In an adjustable configuration, Vour(nom) is the
expected Vgoyr value set by the external feedback resistors.

Copyright © 2019-2020, Texas Instruments Incorporated
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Electrical Characteristics (continued)

over operating junction temperature range (T; = —40°C to +125°C), V\y = 1.4 V or V|y = Vout(nom) + 0.5 V (whichever is
greater), Vgjas = open, Voyrmom) = 0.8 V@, OUT connected to 50 Q to GND, Vgy = 1.1V, Cy = 10 UF, Coyur = 47 UF, Cyriss =
0 nF Cg = 0 nF, and PG pin pulled up to V,y with 100 kQ, unless otherwise noted; typical values are at T; = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
VIN =14V, IOUT =4 A,
VFB =08V-3% 140 235
VIN =55V, IOUT =4 A,
Ve = 0.8V —3% 250 415
\Y Dropout voltage = = mV
DO p g VIN _57 V, IOUT 4 A, 330 565
Ve = 0.8V —3%
VIN =11 V,
3.0V<EVgas<65V, lour =4 A, 85 175
Ve = 0.8V —-3%
. VOUT forced at 0.9 x VOUT(nom)v
ILim Output current limit Vin = Vour(om + 0.4 V 4.6 5.2 5.9 A
lsc IShprt-cwcun current RLoap = 20 mQ 2 A
imit
ViNn=6.5YV, loutr =5 MA 2.8
Vn=14V,I =4 A 4.8 6 mA
lGND GND pin current N7~ T JOUT = .
Shutdown, PG = open, V|y = 6.5V,
Vey = 0.5V 25] kA
. VIN =6.5V,
lEN EN pin current Ven = 0V and 6.5 V 05| pA
. VIN =11 V, VBIAS =6.5 V,
Igias BIAS pin current Vour(om = 0.8 V. lour = 4 A 2.3 35| mA
EN pin low-level input
ViLen voltage (disable device) 0 05 Vv
EN pin high-level input
ViHEN) voltage (enable device) 11 651 VvV
Vit.(pe) Falling PG pin threshold | For falling Vout 82% x Voutr 88.3% X Vour  93% % Vout \%
ViT+(PG) Rising PG pin threshold | For rising Voyt 84% x Voutr 89.3% X Vour  95% % Vout \%
PG pin low-level output | Vout < Vit(pg),
Vope) voltage lpg = —1 MA (current into device) 04V
likg(P) PG pin leakage current | Voyt > Vi(pg), Vpg = 6.5V 1| pA
NR/SS pin chargin
INR/SS current P ging VNR/sS = GND, Vy=6.5V 4 6.2 9 HA
Ies FB pin leakage current |V,y=6.5V 100 nA
RnR NR resistor value 250 kQ
ViN=Vour =05V, Voyr =08V,
Veias =5V, lout = 4 A,
CNR/SS =100 nF, Cgg = 10 nF, 42
Court =47 YF || 10 pF || 10 pF,
PSRR Power-supply rejection | f= 10 kHz 4B
ratio Vin = Vour = 0.5V, Vour = 0.8V,
Veias =5V, lout =4 A,
CNR/SS =100 nF, CFF =10 nF, 39
Cout =47 YF || 10 pF || 10 pF,
f =500 kHz

6 Copyright © 2019-2020, Texas Instruments Incorporated
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Electrical Characteristics (continued)

over operating junction temperature range (T; = —40°C to +125°C), V\y = 1.4 V or V|y = Vout(nom) + 0.5 V (whichever is
greater), Vgjas = open, Voyrmom) = 0.8 V@, OUT connected to 50 Q to GND, Vgy = 1.1V, Cy = 10 UF, Coyur = 47 UF, Cyriss =
0 nF Cg = 0 nF, and PG pin pulled up to V,y with 100 kQ, unless otherwise noted; typical values are at T; = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Bandwidth = 10 Hz to 100 kHz,
VIN =11V, VOUT =08V,
Veias =5V, lout = 4 A, 4.4
CNR/SS =100 nF, CFF =10 nF,
Vn Output noise voltage Cout =47 pF || 10 pF || 10 pF UVRms
Bandwidth = 10 Hz to 100 kHz,
Vour =5V, lout =4 A, 8.4
Cnrysss = 100 nF, Cee = 10 nF, '
Cour =47 pF || 10 pF || 10 pF
Tsd+ Thermal shut_down . Shutdown, temperature increasing 160 °C
temperature increasing
Thermal shutdown . o
Tsa- temperature decreasing Reset, temperature decreasing 140 C
MR © 2019-2020, Texas Instruments Incorporated 7
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6.6 Typical Characteristics

at Ty = 25°C, Viy = 1.4 V or Viy = Voyrnom) + 0.4 V (whichever is greater), Vgas = open, Voyrom = 0.8 V, Vey = 1.1V, Cour
= 47 YF, Cyriss = 0 nF, Cee = 0 nF, and PG pin pulled up to V,y with 100 kQ (unless otherwise noted)

100 100
— lout ViN
g 90 — 01A — 2A 4A z 9 — 110V 1.20 V 1.30 V 1.40 V
B’ 80 |-£ — 0.5A 3A = 80 - 115V — 125V — 135V
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ViN=12V, Vgas =5V,

COUT =47 l.lF ” 10 HF ” 10 l.lF, CNR/SS =10 nF, CFF =10 nF

1. PSRR vs Frequency and loyt

lout =4 A, Veias =5V,
Cour = 47 WF || 10 BF || 10 PF, Cyryss = 10 nF, Cee = 10 nF

2. PSRR vs Frequency and V,y With Bias

100 100
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4. PSRR vs Frequency and Vy
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6. PSRR vs Frequency and V) for Voyr =3.3V
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Typical Characteristics (T X)

at Ty = 25°C, Viy = 1.4 V or Viy = Voyurnom) + 0.4 V (whichever is greater), Vg jas = open, Voyrom = 0.8 V, Vegy = 1.1V, Coyr
=47 pF, Cyrsiss = 0 nF, Ce = 0 nF, and PG pin pulled up to V,y with 100 kQ (unless otherwise noted)

100 100
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1 _— V|N =14V, VBIAS =5.0V,45 IJVRMS 1 _— CNR/SS =0nF, 6.2 IJVRMS
. — ViN=1.4V, 6.0 uVpms . — Cnrsss = 1 nF, 4.9 uVrus
I;:E‘ 0.5 ViNn=1.5V, 4.5 uVRrus I;:E‘ 0.5 Cnrss = 10 nF, 4.5 uVgus
z — Vin=1.8V, 4.5 tVaus z —— Cnmsss = 100 nF, 4.4 uVRus
3 0.2 'L\\ J ViN=25V,4.6 UVRMS 3 0.2 \\
3 01 R — Vin=5.0V, 5.15 uVaws 3 o N
o NS o
Z  0.05 X Z  0.05 N
o N L g &
S PRedl I S s
g 0.02 S Wz N g 0.02 2 R
2 0.0 = I 2 0.0 1
3 X 3
5 0.005 5 0.005
e} A\ e}
0.002 a 0.002 N
i, m .
0.001 m 0.001 i
10 100 1k 10k 100k M 10 100 1k 10k 100k ™M
Frequency (Hz) Frequency (Hz)
lour=1A, ViN=Vout + 0.4V, Vgas =5V, loyr =4 A,
COUT =47 HF ” 10 LIF ” 10 HF, CNR/SS =10 nF, C|:|: =10 nF, COUT =47 UF ” 10 HF ” 10 HF, C|:|: =10 nF,
RMS noise BW = 10 Hz to 100 kHz RMS noise BW = 10 Hz to 100 kHz
11. Output Noise vs Frequency and Input Voltage 12. Output Noise vs Frequency and Cyg/ss
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Typical Characteristics (T X)

at Ty = 25°C, Viy = 1.4 V or Viy = Voyurnom) + 0.4 V (whichever is greater), Vg jas = open, Voyrom = 0.8 V, Vegy = 1.1V, Coyr
=47 pF, Cyrsiss = 0 nF, Ce = 0 nF, and PG pin pulled up to V,y with 100 kQ (unless otherwise noted)

2

2
1 — CFF =0 nF, 6.2 HVRMS 1 n\h\ — CNR/SS =10 nF, 12.3 HVRMS
. — CFF =01 nF, 5.8 HVRMS . < — CNR/SS =100 I’]F, 8.4 MVRMS
|§N 0.5 Crr =1 nF, 4.9 uVRys |§N 0.5 % Crr = Cnpiss = 100 nF, 6.6 uVRus
= — Crr =10 nF, 4.5uVRys <
Z 02 Crr = 100 nF, 4.4 nVRws Z 02 RS
o N
8 od 8 o1
o o —y
Z  0.05 Z  0.05
(o] (o]
g 002 R g 002 I
5 - AR SRENG s v s ARljiwe=r=s
Z 001 ] ™ Z 001
2 2
5 0.005 S 0.005
(@] (] [ 1]
0.002 N 0.002 I
0.001 [l 0.001 I
10 100 1k 10k 100k ™M 10 100 1k 10k 100k ™M
Frequency (Hz) Frequency (Hz)
Vin = Vout + 0.4V, Veias =5V, lout =4 A, sequencing with a ViNn=5.6V, lour =4 A,
DC/DC converter and PG, Coyt = 47 UF || 10 uF || 10 pF, Cout =47 PF || 10 pF || 10 pF, Cge = 10 nF,
Cnrisss = 10 nF, RMS noise BW = 10 Hz to 100 kHz RMS noise BW = 10 Hz to 100 kHz
13. Output Noise vs Frequency and Cgg 14. Output Noise at 5.0-V Output
1.2 10 50
—— Output Current
1 o var-osy s
8 our=1. 30 E
( /5 Vour=1.2V Py
0.8 /' < 7|— Vour=18V 20 E
s £ 6 ‘ 10 =
g 0.6 74 g g
£ /| 3 ° 0 2
S 04 5 (@]
s / 3 4 10 5
= <
0.2 / — Ven o s 20 S
— Vour, Cnriss = 0 nF > -30 3
0 — Vour, Cnriss = 10 nF [$)
— Vour; Cnriss = 47 nF 1 40 <
— Vour, Cnriss = 100 nF
-0.2 0 -50
0 5 10 15 20 25 30 35 40 45 50 0 0.25 0.5 0.75 1 1.25 15 1.75
Time (ms) Time (ms)
Vin=12V, Vour = 0.9V, Vgias = 5.0V, lour =4 A, Vin = Vour + 0.3V, Vgias =5V, IOUT, DC = 100 mA, slew rate =
Cout = 47 WF || 10 PF || 10 uF, Cer = 10 nF 1 Alus, Cnriss = Ceg = 10 nF, Coyt = 47 pF || 10 pF || 10 pF
15. Start-Up Waveform vs Time and Cygryss 16. Load Transient vs Time and Voyr With Bias
10 50 50
—— Output Current — Vour, 0.5 Alus
9 Vour = 0.9V 40 < S — Vour, 1 Alus
8 VOUT =11V 30 é é _— VOUT: 2 A/p.S
© o 25
z 7 20 g kS
£ 6 10 3 =
5 s | o 8 2 o y
T 3 3
3 4 10 5 -
) <@ <@
o 3 20 & 3
] Q -25
o o
2 -30 2 2
1 -40
0 -50 -50
0 02 04 06 08 1 12 14 16 1.8 2 0 0.4 0.8 1.2 1.6 2
Time (ms) Time (ms)
IOUT, DC = 100 mA, COUT =47 UF ” 10 LlF ” 10 UF, VOUT =5V, IOUT, DC = 100 mA, IOUT =100 mAto 4 A,
CNR/SS = Cgg =10 nF, slew rate = 1 A/HS COUT =47 pyF ” 10 MHF || 10 uF, CNR/SS =Cgr=10nF
17. Load Transient vs Time and Vgyr Without Bias 18. Load Transient vs Time and Slew Rate
10 MRAX © 2019-2020, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/tps7a54?qgpn=tps7a54
http://www.ti.com.cn

I,

TEXAS
INSTRUMENTS

www.ti.com.cn

TPS7A54
ZHCSKH1A ~NOVEMBER 2019—REVISED MARCH 2020

Typical Characteristics (T X)

at Ty = 25°C, Viy = 1.4 V or Viy = Voyurnom) + 0.4 V (whichever is greater), Vg jas = open, Voyrom = 0.8 V, Vegy = 1.1V, Coyr
=47 pF, Cyrsiss = 0 nF, Ce = 0 nF, and PG pin pulled up to V,y with 100 kQ (unless otherwise noted)

60 600
— Vout, 100 mAto 3 A 550 Ty
< — Vour, 500 mAto 3 A — -50°C 0°C 85°C —— 135°C
€ 410 500 | — -40°C 25°C —— 125°C —— 150°C 1
> < 450 1
g E 400 ,
2 20 i S 350
=1 =
a S 300
2 = A
3 J 5 250 i
- 0 f s} 7
S 200 A\ =~
E \ Y 5 =
3 0 150 \ /7 —
8 20 100 ~ —
< 50
0
-40 1 15 2 25 3 35 4 45 5 55 6
0 25 50 75 100 125 150 Input Voltage (V)
Time (us) — —
_ _ _ lour=4 A, Vgias =0V
Vin=1.2V, Vgias = 50V, COUT =47 pyF ” 10 MF ” 10 uF,
Cnriss = Ceg = 10 nF, slew rate = 1 Alus
19. Load Transient vs Time and DC Load 20. Dropout Voltage vs Input Voltage Without Bias
(Vour=0.9V)
600 250
550 T T
— -50°C 0°C 85°C —— 135°C — -50°C 85°C
500 | — -40°C 25°C —— 125°C —— 150°C 1 200 | — -40°C — 125°C e
= 450 : — 0°C — 135°C L~
£ 100 J 2 25°C —— 150°C /
© / © A |
g 350 / 2 50 //
S 300 S
Z 250 /) Z /
3 4 3 100 —
g ), g = =
g 200 4 g =
3 150 _/if [s] ‘ /
50 — =
100 =" ==
50
0 0
1 1.5 2 2.5 3 3.5 4 4.5 5 55 6 0 0.5 1 1.5 2 2.5 3 3.5 4
Input Voltage (V) Output Current (A)
IOUT =4 A, VBlAS =5V V|N =14 V, VBlAS =0V
21. Dropout Voltage vs Input Voltage With Bias 22. Dropout Voltage vs Output Current Without Bias
125 300
Ty Ty
— -50°C 85°C / — -50°C 85°C A
100 | — -40°C — 125°C 250 | — -40°C — 125°C
= 0°C  — 135°C / = 0°C  —— 135°C
£ 25°C —— 150°C // £ 200 25°C —— 150°C
g 75 » M 2
s g 150 7
3 50 — 3 /)
Qo Qo
o = o 100 ~
a / =] a /
25 = 50 =
% /
0 0
0 0.5 1 1.5 2 2.5 3 3.5 4 0 0.5 1 1.5 2 2.5 3 3.5 4
Output Current (A) Output Current (A)
V|N =11 V, VBlAS =3V VIN =55V
23. Dropout Voltage vs Output Current With Bias 24, Dropout Voltage vs Output Current (High V)
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Typical Characteristics (T X)

at Ty = 25°C, Viy = 1.4 V or Viy = Voyurnom) + 0.4 V (whichever is greater), Vg jas = open, Voyrom = 0.8 V, Vegy = 1.1V, Coyr
=47 pF, Cyrsiss = 0 nF, Ce = 0 nF, and PG pin pulled up to V,y with 100 kQ (unless otherwise noted)

5 5
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VIN =1.1 V, VBIAS =5V VIN =14 V, VBIAS =0V
25. Load Regulation With Bias 26. Load Regulation Without Bias
0.6 4.25
Ty T
— -55°C 0°C 85°C —— 135°C 4| — -50°C 0°C 85°C —— 135°C
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27. Line Regulation Without Bias 28. Quiescent Current vs Input Voltage
4 10
Ty . Ty
3.75| — -50°C 0°C 85°C  —— 135°C g 9 — s0°c 0°C 85°C  —— 135°C
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29. Quiescent Current vs Bias Voltage 30. Shutdown Current vs Input Voltage
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Typical Characteristics (T X)

at Ty = 25°C, Viy = 1.4 V or Viy = Voyurnom) + 0.4 V (whichever is greater), Vg jas = open, Voyrom = 0.8 V, Vegy = 1.1V, Coyr
=47 pF, Cyrsiss = 0 nF, Ce = 0 nF, and PG pin pulled up to V,y with 100 kQ (unless otherwise noted)
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MR © 2019-2020, Texas Instruments Incorporated

13


http://www.ti.com.cn/product/cn/tps7a54?qgpn=tps7a54
http://www.ti.com.cn

TPS7A54
ZHCSKH1A ~NOVEMBER 2019—REVISED MARCH 2020 www.ti.com.cn

13 TEXAS
INSTRUMENTS

Typical Characteristics (T X)

at Ty = 25°C, Viy = 1.4 V or Viy = Voyurnom) + 0.4 V (whichever is greater), Vg jas = open, Voyrom = 0.8 V, Vegy = 1.1V, Coyr
=47 pF, Cyrsiss = 0 nF, Ce = 0 nF, and PG pin pulled up to V,y with 100 kQ (unless otherwise noted)
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39. Foldback Current Limit vs Temperature
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7 Detailed Description

7.1 Overview

The TPS7A54 is a high-current (4 A), low-noise (4.4 uVgrms), high accuracy (1%) low-dropout linear voltage
regulator with an input range of 1.1 V to 6.5 V and an output voltage range of 0.8 V to 5.1 V. The TPS7A54 has
an integrated charge pump for ease of use, and an external bias rail to allow for the lowest dropout across the
entire output voltage range. ¥ 1 categorizes the functions shown in the Functional Block Diagram. These
features make the TPS7A54 a robust solution to solve many challenging problems by generating a clean,
accurate power supply in a variety of applications.

%k 1. Device Features

VOLTAGE REGULATION

SYSTEM START-UP

INTERNAL PROTECTION

High accuracy

Programmable soft start

Foldback current limit

Low-noise, high-PSRR output

No sequencing requirement between BIAS,
IN, and EN

Fast transient response

Power-good output

Thermal shutdown

Start-up with negative bias on OUT

7.2 Functional Block Diagram

PSRR Current
INo ] Boost Limit © out
Charge
O Pump
BIAS o O Active
R =250 kQ Discharge
08V NR/SS g
Vrer
A J
INRssS / =
NR/SS o . 200 pF
1 o FB
Internal
| uwvo Controller
Circuits
Thermal
Shutdown b —o PG
0.88 x Vger O
EN ° REF @
GND
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7.3 Feature Description
7.3.1 Voltage Regulation Features

7.3.1.1 DC Regulation

An low-dropout regulator (LDO) functions as a class-B amplifier, as shown in B 40, in which the input signal is
the internal reference voltage (Vger). Vree IS designed to have very-low bandwidth at the input to the error
amplifier through the use of a low-pass filter (Vygr/ss)-

As such, the reference can be considered as a pure dc input signal. The low output impedance of an LDO comes
from the combination of the output capacitor and pass element. The pass element also presents a high input
impedance to the source voltage when operating as a current source. A positive LDO can only source current
because of the class-B architecture.

This device achieves a maximum of 1% output voltage accuracy primarily because of the high-precision band-
gap voltage (Vgg) that creates Vger. The low dropout voltage (Vpp) reduces the thermal power dissipation
required by the device to regulate the output voltage at a given current level, thereby improving system
efficiency. These features combine to make this device a good approximation of an ideal voltage source.

VN © » To Load
1yl

g

Vrer

n

9 GND

NOTE: VOUT = VREF X (l + Rl / R2)
40. Simplified Regulation Circuit

7.3.1.2 AC and Transient Response

The LDO responds quickly to a transient (large-signal response) on the input supply (line transient) or the output
current (load transient) resulting from the LDO high-input impedance and low output-impedance across
frequency. This same capability also means that the LDO has a high power-supply rejection ratio (PSRR) and,
when coupled with a low internal noise-floor (V,), the LDO approximates an ideal power supply in ac (small-
signal) and large-signal conditions.

The choice of external component values optimizes the small- and large-signal response. The NR/SS capacitor
(Cnriss) and feed-forward capacitor (Cge) easily reduce the device noise floor and improve PSRR.

16 MRAX © 2019-2020, Texas Instruments Incorporated
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Feature Description (3T )
7.3.2 System Start-Up Features

In many different applications, the power-supply output must turn on within a specific window of time to either
provide proper operation of the load or to minimize the loading on the input supply or other sequencing
requirements. The LDO start-up is well-controlled and user-adjustable, solving the demanding requirements
faced by many power-supply design engineers in a simple fashion.

7.3.2.1 Programmable Soft Start (NR/SS Pin)

Soft start directly controls the output start-up time and indirectly controls the output current during start-up (inrush
current).

As shown in [ 41, the external capacitor at the NR/SS pin (Cygr/ss) Sets the output start-up time by setting the
rise time of the internal reference (Vygr/ss)-

SW

INr/sS
Rnr

Vrer o—e— AN . I h
Crmiss  Vego——
i GND

41. Simplified Soft-Start Circuit

7.3.2.2 Internal Sequencing

Controlling when a single power supply turns on can be difficult in a power distribution network (PDN) because of
the high power levels inherent in a PDN, and the variations between all of the supplies. As shown in B 42 and &
2, the LDO turnon and turnoff time is set by the enable circuit (EN) and undervoltage lockout circuits (UVLO; 5y,

and UVLOgas).
UVLOEATE|:>_> Internal Enable
UVLO1 o) Control

42. Simplified Turnon Control

#k 2. Internal Sequencing Functionality Table

ENABLE LDO ACTIVE POWER

INPUT VOLTAGE loelbiel= STATUS STATUS DISCHARGE GOOD
EN=1 on Off PG =>1 when
Vaias 2 Vuvioias) Vour 2 Virp)

Vin 2 Vyvio_1.2(n) EN=0 Off on
Veias < Vuvioeias) + Vhvseias) Off PG =0
Vin < Vuvio 1208 — Vivsi.zn BIAS = don't care EN = don't care off on®
IN = don't care Veias 2 VuvLo@ias) Off

(1) The active discharge remains on as long as V) or Vgjas provide enough headroom for the discharge circuit to function.

Vgias is not intended to be used dynamically when the IN rail is being powered up. If the BIAS rail is powered
down when the IN rail is greater than 1.4 V, the PG output can trip. If the BIAS rail is powered up after the IN rail
for Viy = 1.4 V, a non-monotonic startup can occur.

AR © 2019-2020, Texas Instruments Incorporated 17
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7.3.2.2.1 Enable (EN)

The enable signal (Vgy) is an active-high digital control that enables the LDO when the enable voltage is past the
rising threshold (Vey 2 Viyen)) and disables the LDO when the enable voltage is below the falling threshold (Vey
< Viieny)- The exact enable threshold is between V,ygn) and Vi ey because EN is a digital control. Connect EN
to V|y if enable functionality is not desired.

7.3.2.2.2 Undervoltage Lockout (UVLO) Control

The UVLO circuits respond quickly to glitches on IN or BIAS and attempts to disable the output of the device if
either of these rails collapse.

7.3.2.2.3 Active Discharge

When either EN or UVLO are low, the device connects a resistor of several hundred ohms from Vgt to GND,
discharging the output capacitance.

Do not rely on the active discharge circuit for discharging large output capacitors when the input voltage drops
below the targeted output voltage. Current flows from the output to the input (reverse current) when Voyr > VN,
which can cause damage to the device (when Vgoyt > Viy + 0.3 V).

7.3.2.3 Power-Good Output (PG)

The PG signal provides an easy solution to meet demanding sequencing requirements because PG signals
when the output nears its nominal value. PG can be used to signal other devices in a system when the output
voltage is near, at, or above the set output voltage (Vournom)). B 43 shows a simplified schematic.

The PG signal is an open-drain digital output that requires a pullup resistor to a voltage source and is active high.
The PG circuit sets the PG pin into a high-impedance state to indicate that the power is good.

Using a large feed-forward capacitor (Cgr) delays the output voltage and, because the PG circuit monitors the FB
pin, the PG signal can indicate a false positive.

Vpa

GND

43. Simplified PG Circuit

7.3.3 Internal Protection Features

In many applications, fault events can occur that damage devices in the system. Short circuits and excessive
heat are the most common fault events for power supplies. The TPS7A54 implements circuitry to protect the
device and its load during these events. Continuously operating in these fault conditions or above a junction
temperature of 140°C is not recommended because the long-term reliability of the device is reduced.

7.3.3.1 Foldback Current Limit (Ic)

The internal current limit circuit is used to protect the LDO against high load-current faults or shorting events.
During a current-limit event, the LDO sources constant current; therefore, the output voltage falls with decreased
load impedance. Thermal shutdown can activate during a current-limit event because of the high power
dissipation typically found in these conditions. For proper operation of the current limit, minimize the inductances
to the input and load. Continuous operation in current limit is not recommended.

18 MRAX © 2019-2020, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/tps7a54?qgpn=tps7a54
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS
TPS7A54

www.ti.com.cn ZHCSKH1A —NOVEMBER 2019—-REVISED MARCH 2020

7.3.3.2 Thermal Protection (Tgy)

The thermal shutdown circuit protects the LDO against excessive heat in the system, either resulting from current
limit or high ambient temperature.

The output of the LDO turns off when the LDO temperature (junction temperature, T;) exceeds the rising thermal
shutdown temperature. The output turns on again after T; decreases below the falling thermal shutdown
temperature.

A high power dissipation across the device, combined with a high ambient temperature (T,), can cause T, to be
greater than or equal to Ty, triggering the thermal shutdown and causing the output to fall to 0 V. The LDO can
cycle on and off when thermal shutdown is reached under these conditions.

7.4 Device Functional Modes
%z 3 provides a quick comparison between the regulation and disabled operation.

%k 3. Device Functional Modes Comparison

OPERATING PARAMETER
MODE Vin VBias EN lout T3
Regulation®) Vin > VouTnom) + Voo Vaias 2 Vuvioeias)® VEN > ViHEN) lout < lcL T3 < Ty(maximum)
Disabled® Vin < Vuvio 1.2(N) Veias < VuvLo@IAs) Ven < ViLEN) — T3> Ty

(1) All table conditions must be met.
(2) Vpgas is only required for V) < 1.4 V.
(3) The device is disabled when any condition is met.

7.4.1 Regulation

The device regulates the output to the nominal output voltage when all conditions in & 3 are met.

7.4.2 Disabled

When disabled, the pass device is turned off, the internal circuits are shut down, and the output voltage is
actively discharged to ground by an internal resistor from the output to ground. See the Active Discharge section
for additional information.

7.4.3 Current Limit Operation

During a current-limit event, the LDO regulates the output current instead of the output voltage; therefore, the
output voltage falls with decreased load impedance.
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8 Application and Implementation

x

/:

Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

8.1 Application Information

Successfully implementing an LDO in an application depends on the application requirements. This section
discusses key device features and how to best implement them to achieve a reliable design.

8.1.1 Recommended Capacitor Types

The TPS7A54 is designed to be stable using low equivalent series resistance (ESR) ceramic capacitors at the
input, output, and noise-reduction pin (NR, pin 13). Multilayer ceramic capacitors have become the industry
standard for these types of applications and are recommended, but must be used with good judgment. Ceramic
capacitors that employ X7R-, X5R-, and COG-rated dielectric materials provide relatively good capacitive stability
across temperature. The use of Y5V-rated capacitors is discouraged because of large variations in capacitance.

Regardless of the ceramic capacitor type selected, ceramic capacitance varies with operating voltage and
temperature. Make sure to derate ceramic capacitors by at least 50%. The input and output capacitors
recommended herein account for a capacitance derating of approximately 50%, but at high V, and Vgyr
conditions (V,y = 5.5 V to Vour = 5.0 V), the derating can be greater than 50%, and must be taken into
consideration.

8.1.1.1 Input and Output Capacitor Requirements (C,y and Cgy7)

The TPS7A54 is designed and characterized for operation with ceramic capacitors of 47 uF or greater (22 pF or
greater of capacitance) at the output and 10 pF or greater (5 pUF or greater of capacitance) at the input. Use at
least a 47-pF capacitor at the input to minimize input impedance. Place the input and output capacitors as near
as practical to the respective input and output pins in order to minimize trace parasitics. If the trace inductance
from the input supply to the TPS7A54 is high, a fast current transient can cause V| to ring above the absolute
maximum voltage rating and damage the device. This situation can be mitigated by additional input capacitors to
dampen and keep the ringing below the device absolute maximum ratings.

A combination of multiple output capacitors boosts the high-frequency PSRR. The combination of one 0805-
sized, 47-uF ceramic capacitor in parallel with two 0805-sized, 10-uF ceramic capacitors with a sufficient voltage
rating, in conjunction with the PSRR boost circuit, optimizes PSRR for the frequency range of 400 kHz to
700 kHz, a typical range for dc/dc supply switching frequency. This 47-pF || 10-uF || 10-puF capacitor combination
also makes certain that at high input voltage and high output voltage configurations, the minimum effective
capacitance is met. Many 0805-sized, 47-uF ceramic capacitors have a voltage derating of approximately 60% to
80% at 5.0 V, so the addition of the two 10-uF capacitors makes sure that the capacitance is at or above 22 uF.
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Application Information (T R)
8.1.1.2 Noise-Reduction and Soft-Start Capacitor (Cngyss)

The TPS7A54 features a programmable, monotonic, voltage-controlled soft start that is set with an external
capacitor (Cyr/ss)- Use an external Cyr/ss to minimize inrush current into the output capacitors. This soft-start
feature eliminates power-up initialization problems when powering field-programmable gate arrays (FPGAS),
digital signal processors (DSPs), or other processors. The controlled voltage ramp of the output also reduces
peak inrush current during start-up, minimizing start-up transients to the input power bus.

To achieve a monotonic start-up, the TPS7A54 error amplifier tracks the voltage ramp of the external soft-start
capacitor until the voltage approaches the internal reference. The soft-start ramp time depends on the soft-start
charging current (Iyg/ss), the soft-start capacitance (Cygriss), and the internal reference (Vygrsss). Use 243 1 to
calculate the soft-start ramp time:

tSS = (VNRISS X CNR/SS) / INR/SS (1)

Inrsss iS provided in the Electrical Characteristics table and has a typical value of 6.2 pA.

The noise-reduction capacitor, in conjunction with the noise-reduction resistor, forms a low-pass filter (LPF) that
filters out the noise from the reference before being gained up with the error amplifier, thereby reducing the
device noise floor. The LPF is a single-pole filter and A3 2 can calculate the cutoff frequency. The typical value
of Ryr is 250 kQ. Increasing the Cyg/ss Capacitor has a greater affect because the output voltage increases
when the noise from the reference is gained up even more at higher output voltages. For low-noise applications,
a 10-nF to 1-puF Cyg/ss is recommended.

foutoft = 1/ (2 X @ X Ryr % Cryss) (2

8.1.1.3 Feed-Forward Capacitor (Cgf)

Although a feed-forward capacitor (Cgr) from the FB pin to the OUT pin is not required to achieve stability, a
10-nF external feed-forward capacitor optimizes the transient, noise, and PSRR performance. A higher
capacitance Cgr can be used; however, the start-up time is longer and the power-good signal can incorrectly
indicate that the output voltage is settled. For a detailed description, see the Pros and Cons of Using a Feed-
Forward Capacitor with a Low Dropout Regulator application report.

8.1.2 Soft Start and Inrush Current

Soft start refers to the ramp-up characteristic of the output voltage during LDO turnon after EN and UVLO
achieve threshold voltage. The noise-reduction capacitor serves a dual purpose of both governing output noise
reduction and programming the soft-start ramp during turnon.

Inrush current is defined as the current into the LDO at the IN pin during start-up. Inrush current then consists
primarily of the sum of load current and the current used to charge the output capacitor. This current is difficult to
measure because the input capacitor must be removed, which is not recommended. However, A3 3 can
estimate this soft-start current:

| - [COUT X dVOUT(t)] + [VOUT(t)]
ouT(Y) p

IQLOAD

where:
*  Vour(t) is the instantaneous output voltage of the turnon ramp
e dVgur(t) / dtis the slope of the Vgt ramp
* Ryoap is the resistive load impedance ?3)
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Application Information (#T R)
8.1.3 Optimizing Noise and PSRR
Improve the ultra-low noise floor and PSRR of the device by careful selection of:

* Cursss for the low-frequency range
e Cg in the midband frequency range
e Cgyur for the high-frequency range

e V- Vour for all frequencies, and

e Vpgas at lower input voltages

A larger noise-reduction capacitor improves low-frequency PSRR by filtering any noise coupling from the input
into the reference. To improve midband PSRR, use the feed-forward capacitor to place a zero-pole pair near the
edge of the loop bandwidth and push out the loop bandwidth. Use larger output capacitors to improve high-
frequency PSRR.

A higher input voltage improves PSRR by giving the device more headroom to respond to noise on the input. A
bias rail also improves PSRR at lower input voltages because greater headroom is provided for the internal
circuits.

The noise-reduction capacitor filters out low-frequency noise from the reference, and the feed-forward capacitor
reduces output voltage noise by filtering out midband frequency noise. However, a large feed-forward capacitor
can create new issues that are discussed in the Pros and Cons of Using a Feed-Forward Capacitor with a Low
Dropout Regulator application report.

Use a large output capacitor to reduce high-frequency output voltage noise. Additionally, a bias rail or higher
input voltage improves noise because greater headroom is provided for the internal circuits.

% 4 lists the output voltage noise for the 10-Hz to 100-kHz band at a 5.0-V output for a variety of conditions with
an input voltage of 5.5 V, an R, of 12.1 kQ, and a load current of 4 A. The 5.0-V output is used because this
output is the worst-case condition for output voltage noise.

5= 4. Output Noise Voltage at a 5.0-V Output

OUTPUT VOLTAGE NOISE Chmes Crr Cowr
(MVRms) (nF) (nF) (WF)
11.7 10 10 47|10 10
7.7 100 10 47|10 10
6 100 100 47|10 10
7.4 100 10 1000
5.8 100 100 1000

8.1.4 Charge Pump Noise

The device internal charge pump generates a minimal amount of noise. Use a bias rail to minimize the internal
charge pump noise when the internal voltage is clamped, thereby reducing the overall output noise floor.

The high-frequency components of the output voltage noise density curve are filtered out in most applications by
using 10-nF to 100-nF bypass capacitors close to the load. Using a ferrite bead between the LDO output and the
load input capacitors forms a pi-filter, further reducing the high-frequency noise contribution.

8.1.5 Current Sharing

There are two main current sharing implementations:

1. Through the use of external operational amplifiers. For more details, see the Current-Sharing Dual LDOs and
6 A Current-Sharing Dual LDO reference guides.

2. Through the use of external ballast resistors. For more details of this implementation, see the High-Current
Low-Noise Parallel LDO reference guide.
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8.1.6 Adjustable Operation
As shown in B 44, the output voltage of the TPS7A54 is set using external resistors.

Optional Bias c
Supply BIAS
el
! —
: -
BIAS
EN PG
Input IN ouT To Load
Supply
CIN
TI-Device™
— FB
_,_— NR/SS
CNR/SS
I GND —

44, Typical Circuit

Use AX 4 to calculate R, and R,. This resistive network must provide a current equal to or greater than 5 pA for
dc accuracy. To optimize the noise and PSRR, use an R; of 12.1 kQ.

Vour = Vnriss X (1 + R/ Ryp) (4)

7 5 shows the resistor combinations required to achieve several common rails using standard 1%-tolerance
resistors.

£ 5. Recommended Feedback-Resistor Values

TARGETED OUTPUT FEEDBACK RESISTOR VALUES® CALCULATED OUTPUT
VOLTAGE VOLTAGE
W) R (k) Rz (k@) V)

0.9 12.4 100 0.899
0.95 12.4 66.5 0.949
1.00 12.4 49.9 0.999
1.10 12.4 33.2 1.099
1.20 12.4 24.9 1.198
1.50 12.4 14.3 1.494
1.80 12.4 10 1.798
1.90 12.1 8.87 1.89
2.50 12.4 5.9 2.48
2.85 12.1 4.75 2.838
3.00 12.1 4.42 2.990
3.30 11.8 3.74 3.324
3.60 12.1 3.48 3.582
4.5 11.8 2.55 4.502
5.00 12.4 2.37 4.985

(1) Ry is connected from OUT to FB; R, is connected from FB to GND.
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8.1.7 Power-Good Operation

For proper operation of the power-good circuit, the pullup resistor value must be between 10 kQ and 100 kQ. The
lower limit of 10 kQ results from the maximum pulldown strength of the power-good transistor, and the upper limit
of 100 kQ results from the maximum leakage current at the power-good node. If the pullup resistor is outside of
this range, then the power-good signal may not read a valid digital logic level.

Using a large Cgr with a small Cyr/ss causes the power-good signal to incorrectly indicate that the output voltage
has settled during turnon. The Cgr time constant must be greater than the soft-start time constant for proper
operation of the PG during start-up. For a detailed description, see the Pros and Cons of Using a Feed-Forward
Capacitor with a Low Dropout Regulator application report.

The state of PG is only valid when the device operates above the minimum supply voltage. During short UVLO
events and at light loads, power-good does not assert because the output voltage is sustained by the output
capacitance.

8.1.8 Undervoltage Lockout (UVLO) Operation

The UVLO circuit makes sure that the device remains disabled before the input or bias supplies reach the
minimum operational voltage range, and that the device shuts down when the input supply or bias supply falls
too low.

The UVLO circuit has a minimum response time of several microseconds to fully assert. During this time, a
downward line transient below approximately 0.8 V causes the UVLO to assert for a short time; however, the
UVLO circuit does not have enough stored energy to fully discharge the internal circuits inside of the device.
When the UVLO circuit does not fully discharge, the internal circuits of the output are not fully disabled.

The effect of the downward line transient can be mitigated by either using a larger input capacitor to limit the fall
time of the input supply when operating near the minimum Vy, or by using a bias rail.

45 shows the UVLO circuit response to various input voltage events. The diagram can be separated into the
following regions:

* Region A: The device does not turn on until the input reaches the UVLO rising threshold.

« Region B: Normal operation with a regulated output.

e Region C: Brownout event above the UVLO falling threshold (UVLO rising threshold — UVLO hysteresis). The
output may fall out of regulation but the device is still enabled.

» Region D: Normal operation with a regulated output.

« Region E: Brownout event below the UVLO falling threshold. The device is disabled in most cases and the
output falls because of the load and active discharge circuit. The device is reenabled when the UVLO rising
threshold is reached by the input voltage and a normal start-up then follows.

* Region F: Normal operation followed by the input falling to the UVLO falling threshold.

* Region G: The device is disabled when the input voltage falls below the UVLO falling threshold to 0 V. The
output falls because of the load and active discharge circuit.

| I
| : |
)
UVLO Rising Threshold = = === ===/~ ==~~~ NA------
UVLO Hysteresis

45, Typical UVLO Operation
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8.1.9 Dropout Voltage (Vpp)

Generally speaking, the dropout voltage often refers to the minimum voltage difference between the input and
output voltage (Vpo = Vin — VouT) that is required for regulation. When V,y drops below the required Vpg for the
given load current, the device functions as a resistive switch and does not regulate output voltage. Dropout
voltage is proportional to the output current because the device is operating as a resistive switch.

Dropout voltage is affected by the drive strength for the gate of the pass element, which is nonlinear with respect
to Viy on this device because of the internal charge pump. The charge pump causes a higher dropout voltage at
lower input voltages when a bias rail is not used.

For this device, dropout voltage increases exponentially when the input voltage nears its maximum operating
voltage because the charge pump is internally clamped to 8.0 V.

8.1.10 Device Behavior During Transition From Dropout Into Regulation

Some applications have transients that place the device into dropout, especially with a device such as a high-
current linear regulator. A typical application with these transient conditions may require setting V|y < (Vout +
Vpo) in order to keep the device junction temperature within the specified operating range. A load transient or
line transient with these conditions can place the device into dropout; for example, a load transient from 1 A to 4
A at 1 A/us when operating with a V,y of 5.4 V and a Vgyt of 5.0 V.

The load transient saturates the error amplifier output stage when the gate of the pass element is driven as high
as possible by the error amplifier, thus making the pass element function like a resistor from Vi to Vgyr. The
error amplifier response time to this load transient (Iopyt = 4 Ato 1 A at 1 A/us) is limited because the error
amplifier must first recover from saturation, and then place the pass element back into active mode. During the
recovery from the load transient, Vo1 overshoots because the pass element is functioning as a resistor from V)
to Vour. If operating under these conditions, apply a higher dc load or increase the output capacitance in order to
reduce the overshoot.

8.1.11 Load Transient Response

The load-step transient response is the output voltage response by the LDO to a step in load current, whereby
output voltage regulation is maintained. There are two key transitions during a load transient response: the
transition from a light to a heavy load, and the transition from a heavy to a light load. The regions shown in & 46
are broken down in this section. Regions A, E, and H are where the output voltage is in steady-state regulation.

—A— > «CraD-Pt—E—p «Grie— H—>
|

|
|
|
|
|
|
B—w\|
|
|

|
|
|
!
46. Load Transient Waveform

During transitions from a light load to a heavy load:

» Initial voltage dip is a result of the depletion of the output capacitor charge and parasitic impedance to the
output capacitor (region B).

* Recovery from the dip results from the LDO increasing its sourcing current, and leads to output voltage
regulation (region C).

During transitions from a heavy load to a light load:

 Initial voltage rise results from the LDO sourcing a large current, and leads to the output capacitor charge to
increase (region F).

» Recovery from the rise results from the LDO decreasing its sourcing current in combination with the load
discharging the output capacitor (region G).
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Transitions between current levels changes the internal power dissipation because the TPS7A54 is a high-
current device (region D). The change in power dissipation changes the die temperature during these transitions,
and leads to a slightly different voltage level. This different output voltage level shows up in the various load
transient responses.

A larger output capacitance reduces the peaks during a load transient but slows down the response time of the
device. A larger dc load also reduces the peaks because the amplitude of the transition is lowered and a higher
current discharge path is provided for the output capacitor.

8.1.12 Reverse Current Protection Considerations

As with most LDOs, this device can be damaged by excessive reverse current.

Conditions where excessive reverse current can occur are outlined in this section, all of which can exceed the
absolute maximum rating of Voyr > V)y + 0.3 V:

» If the device has a large Coyr, then the input supply collapses quickly and the load current becomes very
small

» The output is biased when the input supply is not established
» The output is biased above the input supply

If an excessive reverse current flow is expected in the application, then external protection must be used to
protect the device. § 47 shows one approach of protecting the device.

Schottky Diode

1

Internal Body Diode ouT

IN
T (T
I Cn Device ICOUT

GND
L

47. Example Circuit for Reverse Current Protection Using a Schottky Diode
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8.1.13 Power Dissipation (Pp)

Circuit reliability demands that proper consideration be given to device power dissipation, location of the circuit
on the printed circuit board (PCB), and correct sizing of the thermal plane. The PCB area around the regulator
must be as free as possible of other heat-generating devices that cause added thermal stresses.

As a first-order approximation, power dissipation in the regulator depends on the input-to-output voltage
difference and load conditions. 2= 5 calculates Pp:

Pp = (Vour = Vin) % lour (5)

=

/.

Power dissipation can be minimized, and thus greater efficiency achieved, by proper
selection of the system voltage rails. Proper selection allows the minimum input-to-output
voltage differential to be obtained. The low dropout of the TPS7A54 allows for maximum
efficiency across a wide range of output voltages.

The primary heat conduction path for the package is through the thermal pad to the PCB. Solder the thermal pad
to a copper pad area under the device. This pad area contains an array of plated vias that conduct heat to any
inner plane areas or to a bottom-side copper plane.

The maximum power dissipation determines the maximum allowable junction temperature (T;) for the device.
Power dissipation and junction temperature are most often related by the junction-to-ambient thermal resistance
(Ry;a) of the combined PCB and device package and the temperature of the ambient air (T,), according to 23\
6. The equation is rearranged for output current in 2% 7.
T;=Ta=(Resa x Pp) (6)
IOUT = (TJ - TA) / [ROJA X (VIN - VOUT)] (7)

Unfortunately, this thermal resistance (Rg;,) is highly dependent on the heat-spreading capability built into the
particular PCB design, and therefore varies according to the total copper area, copper weight, and location of the
planes. The Rg; recorded in the Electrical Characteristics table is determined by the JEDEC standard, PCB, and
copper-spreading area, and is only used as a relative measure of package thermal performance. For a well-
designed thermal layout, Ry;s is actually the sum of the VQFN package junction-to-case (bottom) thermal
resistance (Ry;cphot) PIUS the thermal resistance contribution by the PCB copper.

8.1.14 Estimating Junction Temperature

The JEDEC standard now recommends the use of psi (¥) thermal metrics to estimate the junction temperatures
of the LDO when in-circuit on a typical PCB board application. These metrics are not strictly speaking thermal
resistances, but rather offer practical and relative means of estimating junction temperatures. These psi metrics
are determined to be significantly independent of the copper-spreading area. The key thermal metrics (¥;r and
W) are used in accordance with 23 8 and are given in the Electrical Characteristics table.

Y T,=T:+ ¥ x Py
Ve T,=Tg+ ¥ x Py

where:
« Py is the power dissipated as explained in A= 5
e Ty is the temperature at the center-top of the device package

e Tgis the PCB surface temperature measured 1 mm from the device package and centered on the package
edge (8)
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8.1.15 TPS7A54EVM Thermal Analysis

The TPS7A54EVM is used to develop the TPS7A5401RPS thermal model. The RPS package is a 2.2-mm x 2.5-
mm, 12-pin VQFN with 25-um plating on each via. The EVM is a 3-inch x 3-inch (7.62 mm x 7.62 mm) PCB
comprised of four layers. ¥ 6 lists the layer stackup for the EVM. 48 to 52 illustrate the various layer
details for the EVM.

% 6. Stackup
LAYER NAME MATERIAL THICKNESS (mil)

1 Top overlay — —

2 Top solder Solder resist 0.4
3 Top layer Copper 1.4
4 Dielectric 1 FR-4 high Tg 18.5
5 Mid layer 1 Copper 1.4
6 Dielectric 2 FR-4 high Tg 18.6
7 Mid layer 2 Copper 1.4
8 Dielectric 3 FR-4 high Tg 18.5
9 Bottom layer Copper 1.4
10 Bottom solder Solder resist 0.4

[ JI\D ]

JE oo
@ e e ¢

48. Top Composite View

49. Top Layer Routing
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50. Mid Layer 1 Routing 51. Mid Layer 2 Routing

52. Bottom Layer Routing
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53 shows the thermal gradient on the PCB that results when a 1-W power dissipation is used through the
PassFET with a 25°C ambient temperature.

55.5

47.5

39.5

315

53. PCB Thermal Gradient

For additional information on the PCB, see the TPS7A54EVM user guide.
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8.2 Typical Application

This section discusses the implementation of the TPS7A54 using an adjustable feedback network to regulate a
4-A load requiring good PSRR at high frequency with low-noise at an output voltage of 0.9 V. ¥ 54 provides a
schematic for this typical application circuit.

Optional Bias c
Supply BIAS
L o & .
I -
! =
BIAS
EN PG
Input IN out To Load
Supply
CIN
I TI-Device™
—— FB
j NR/SS
Cnriss
1 GND =

54. Typical Application for a 0.9-V Rail

8.2.1 Design Requirements
For this design example, use the parameters listed in & 7 as the input parameters.

I 7. Design Parameters

PARAMETER DESIGN REQUIREMENT
Input voltage 1.2V, +3%, provided by the dc/dc converter switching at 500 kHz
Bias voltage 5V, +5%
Output voltage 0.9V, +1%
Output current 4.0 A (maximum), 100 mA (minimum)
RMS noise, 10 Hz to 100 kHz <10 uVgrms
PSRR at 500 kHz > 40 dB
Start-up time <25ms

8.2.2 Detailed Design Procedure

At 4.0 A and 0.9 Vgyr, the dropout of the TPS7A54 has a 240-mV maximum dropout over temperature; thus, a
300-mV headroom is sufficient for operation over both input and output voltage accuracy. At full load and high
temperature on some devices, the TPS7A54 can enter dropout if both the input and output supply are beyond
the edges of the respective accuracy specification.

For a 0.9-V output. use external adjustable resistors. See the resistor values in listed & 5 for choosing resistors
for a 0.9 V output.

Input and output capacitors are selected in accordance with the Recommended Capacitor Types section.
Ceramic capacitances of 47 uF for the input and one 47-uF capacitor in parallel with two 10-uF capacitors for the
output are selected.

To satisfy the required start-up time and still maintain low noise performance, a 100-nF Cyg/ss is selected. 23 9
calculates this value.

tss = (Vriss % Curiss) / Inriss )

At the 4.0-A maximum load, the internal power dissipation is 1.2 W and corresponds to a 52°C junction
temperature rise for the RPS package on a standard JEDEC board. With a 55°C maximum ambient temperature,
the junction temperature is at 107.0°C. To further minimize noise, a feed-forward capacitance (Cgg) of 10 nF is
selected.
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9 Power Supply Recommendations

The TPS7A54 is designed to operate from an input voltage supply range between 1.1 V and 6.5 V. If the input
supply is less than 1.4 V, then a bias rail of at least 3.0 V must be used. The input voltage range provides
adequate headroom in order for the device to have a regulated output. This input supply must be well regulated.
If the input supply is noisy, use additional input capacitors with low ESR to help improve output noise
performance.

10 Layout

10.1 Layout Guidelines

10.1.1 Board Layout

For best overall performance, place all circuit components on the same side of the circuit board and as near as
practical to the respective LDO pin connections. Place ground return connections to the input and output
capacitor, and to the LDO ground pin as close to each other as possible, connected by a wide, component-side,
copper surface. To avoid negative system performance, do not use of vias and long traces to the input and
output capacitors. The grounding and layout scheme illustrated in 55 minimizes inductive parasitics, and
thereby reduces load-current transients, minimizes noise, and increases circuit stability.

To improve performance, use a ground reference plane, either embedded in the PCB itself or placed on the
bottom side of the PCB opposite the components. This reference plane serves to assure accuracy of the output
voltage, shield noise, and behaves similar to a thermal plane to spread (or sink) heat from the LDO device when
connected to the thermal pad. In most applications, this ground plane is necessary to meet thermal requirements.

10.2 Layout Example

Enable Signal L] L] IMI (O To Signal Ground
To Signal Ground O I=]=I

To Bias Supply

PG Output

Q Vias used for application purposes.

55. Example Layout

32 AL © 2019-2020, Texas Instruments Incorporated
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11.4 #HX®EIRF

Tl E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do

not necessarily reflect TI's views; see TI's Terms of Use.
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11.5 TEte
E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.
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11.7 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.
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PACKAGE OUTLINE
RPS0012A VQFN-HR - 1 mm max height
PLASTIC QUAD FLATPACK-NO LEAD
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NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.
2. This drawing is subject to change without notice.

TEXAS
INSTRUMENTS

www.ti.com

36 AL © 2019-2020, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/tps7a54?qgpn=tps7a54
http://www.ti.com.cn

13 TEXAS

INSTRUMENTS

www.ti.com.cn

TPS7A54

ZHCSKH1A —NOVEMBER 2019—-REVISED MARCH 2020

EXAMPLE BOARD LAYOUT

RPS0012A

VQFN-HR - 1 mm max height
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NOTES: (continued)

For more information, see Texas Instruments literature number SLUA271 (www.ti.com/lit/slua271).
Solder mask tolerances between and around signal pads can vary based on board fabrication site.

3.
4.
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EXAMPLE STENCIL DESIGN
RPS0012A VQFN-HR - 1 mm max height
PLASTIC QUAD FLATPACK-NO LEAD

|
\
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SOLDER PASTE EXAMPLE
BASED ON 0.1 mm THICK STENCIL
SCALE: 25X
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NOTES: (continued)

5. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
TPS7A5401RPSR Active Production ~ VQFN-HR (RPS) |12 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 125 21AH
TPS7A5401RPSR.A Active Production ~ VQFN-HR (RPS) |12 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 125 21AH
TPS7A5401RPST Active Production ~ VQFN-HR (RPS) | 12 250 | SMALL T&R Yes SN Level-2-260C-1 YEAR -40 to 125 21AH
TPS7A5401RPST.A Active Production ~ VQFN-HR (RPS) | 12 250 | SMALL T&R Yes SN Level-2-260C-1 YEAR -40 to 125 21AH

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

) |ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer:The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

OTHER QUALIFIED VERSIONS OF TPS7A54 :
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o Automotive : TPS7A54-Q1

NOTE: Qualified Version Definitions:

o Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
i |
& go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
TPS7A5401RPSR VQFN- RPS 12 3000 180.0 12.4 245 | 2.75 1.2 4.0 12.0 Q1
HR
TPS7A5401RPST VQFN- RPS 12 250 180.0 12.4 245 | 2.75 1.2 4.0 12.0 Q1
HR
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*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS7A5401RPSR VQFN-HR RPS 12 3000 210.0 185.0 35.0
TPS7A5401RPST VQFN-HR RPS 12 250 210.0 185.0 35.0
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PACKAGE OUTLINE

RPS0012A VQFN-HR - 1 mm max height
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NOTES:

1. Alllinear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.
2. This drawing is subject to change without notice.
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EXAMPLE BOARD LAYOUT
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NOTES: (continued)

3. For more information, see Texas Instruments literature number SLUA271 (www.ti.com/lit/slua271).
4. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN

RPS0012A VQFN-HR - 1 mm max height
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NOTES: (continued)

5. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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